Epithelial domains and cell polarity are determined by polarity proteins which are 11 associated with the cell cortex in a spatially restricted pattern. Early Drosophila 12 embryos are characterized by a stereotypic dynamic and de novo formation of cortical 13 domains. For example, the subapical domain emerges at the transition from syncytial 14 to cellular development during the first few minutes of interphase 14. The dynamics 15 in cortical patterning is revealed by the subapical markers Canoe/Afadin and Sponge, which widely distributed in interphase 13 but subapically restricted in 17 interphase 14. The factors and mechanism determining the timing for the emergence 18 of the subapical domain have been unknown. In this study, we show, that the restricted 19 localization of subapical markers depends on the onset of zygotic gene expression. In 20 contrast to cell cycle remodeling, the emergence of the subapical domain does not 21 depend on the nucleo-cytoplasmic ratio. Thus, we define cortical dynamics and 22 patterning of cortical domains, i. e. the emergence of a subapical domain as a novel 34 feature of the midblastula transition whose appearance is controlled by the onset of 35 zygotic transcription but not the nucleocytoplasmic ratio. Our findings will help to 36 gain further understanding of the coordination of complex developmental processes 37 during the midblastula transition. 38
Proteins, such as ERM proteins, link F-actin to the plasma membrane (1) . Typical for 42 epithelial cells are cortical domains, which contain marker proteins specific for the 43 respective domain in addition to the general set of cortical proteins. For example, Par-44 3/Bazooka (Baz) typically marks the subapical domain, whereas Par-1 marks the 45 lateral domain (2,3). Although mutual exclusion of such marker proteins has been 46 shown to maintain boundaries between two domains in some cells, the mechanism for 3 initial establishment of the domains and pattern formation is not well defined. The de 48 novo appearance of the first epithelium during cellularization in Drosophila embryos, 49 provides an excellent model to study the initial formation of cortical domains and 50 epithelial polarization (4). 51
Following a syncytial phase of development with rapid nuclear cycles typical for 52 insects, the first epithelium forms after about two hours of embryonic development as 53 a morphologically obvious feature marking the transitions from syncytial to cellular 54 blastoderm (5-7). This morphological change, often referred to as midblastula 55 transition (MBT) is associated with several cellular processes that appear to be 56 coordinated, including remodeling of the cell cycle, transition to a slow mode of DNA 57 replication, heterochromatin formation, ingression of the cellularization furrow, 58 elongation of the nuclei, and importantly activation of the zygotic genome (6, 8, 9) . 59
Concerning epithelial polarization it is important to note that the number of cortical 60 domains increases during the transition from two cortical domains (caps and intercaps) 61 in interphase 13 (10,11) and three domains (apical, lateral, basal) during mitosis (12) 62 to the typical four domains. A dedicated subapical region positioned between the 63 apical and lateral domains emerges for the first time in development in interphase 14 64 (3, 8) . 65
It is unknown, if and how the emergence of the subapical domains is linked or 66 coordinated with the other processes associated with the midblastula transition. It has 67 been previously shown that zygotic transcription initiates the cell cycle remodeling 68 and is required for cellularization (13). The changes are due to specific zygotic genes, 69 e. g. slam, nullo, frs or to global signals such as transcription associated DNA 70 replication stress and DNA checkpoint activation (13). The emergence of the subapical 71 domain has not been investigated in this context, so far. 72 4 The earliest marker proteins for the prospective subapical domain during onset of 73 cellularization are Canoe (Cno, Afadin in vertebrates) and the unconventional GEF 74 complex ELMO-Sponge (8, 14) , which act upstream of Canoe possibly via control of 75 the small GTPase Rap1. Both Canoe and ELMO-Sponge are widely distributed during 76 the syncytial interphases and mitoses (nuclear cycles 10-13). Canoe is detected in cap 77 and intercap regions, whereas the ELMO-Sponge complex marks the actin caps and 78 control their formation (8) . This disc-like pattern in pre-MBT interphases changes to 79 a ring-like pattern in interphase 14, when ELMO-Sponge initiate restriction of Canoe 80 to the prospective subapical region. Only during the course of cellularization, the 81 typical subapical proteins Bazooka/Par-3 and Armadillo (Arm, β-Catenin in 82 vertebrates) are enriched in the subapical region (15-17). 83
In this study, we investigate the role of zygotic gene expression and cell cycle 84 remodeling for the formation of the subapical domain. As Bazooka feeds back on 85 subapical restriction of Canoe later in cellularization, we tested the function of this 86 genetic interaction for the initial emergence of the subapical region. We show that the 87 localization of early subapical domain markers like ELMO-Sponge and Canoe 88 depends on onset of zygotic expression but not cell cycle remodeling and not on 89 bazooka during early cellularization. 90
Results

91
Change of Canoe distribution pattern at the onset of interphase 14 92
The subapical cortical domain emerges during the transition from syncytial to cellular 93 blastoderm for the first time during embryonic development. During this process the 94 localization pattern of the actin binding protein Canoe changes from a dispersed 95 pattern at the actin caps to a coalesced pattern at the prospective subapical domain 96 within about five minutes of the onset of cellularization in interphase 14 ( Figure 1A ) 97 5 (8) . Subapical restriction of Canoe depends on the small GTPase Rap1 and the 98 unconventional guanyl nucleotide complex ELMO-Sponge, which undergoes a 99 relocalization from discs in interphase 13 to rings in interphase 14 (8) . New 100 cellularization furrows form between the daughter nuclei. After reached longest 101 extension in metaphase, these furrows gradually retract in the second half of mitosis 102 to a length of about 3 µm (32,33) ( Figure 1B ). We applied our live imaging assay with 103 embryos expressing the subapical marker CanoeYFP and basal marker CherrySlam to 104 reveal the kinetics of marker segregation. Axial stacks were recorded and 105 computationally projected to sagittal sections. During mitosis, Cherry Slam was 106 detected at the tip of the metaphase furrow, whereas CanoeYFP was spread along the 107 full length ( Figure 1C ). It is important to note the difference between "old" 108 cellularization furrows, which arise from retracting metaphase furrows, and "new" 109 cellularization furrows, which ingress between daughter nuclei. In "new" 110 cellularization furrows CanoeYFP associates within minutes to the in folding 111 membrane. In contrast, Canoe distribution is becomes subapically restricted at "old" 112 furrows starting from a wide distribution along the furrow ( Figure 1C ). CherrySlam 113 remains at the tip of "old" furrows, and gradually appears at the tip of "new" furrows 114 ( Figure 1C ) (8) . Although we and others have uncovered the mechanism for subapical 115 restriction of Canoe (3,8 
Formation of the subapical domain depends on zygotic gene expression but not 118 the nucleo-cytoplasmic ratio 119
The change from syncytial to cellular blastoderm at the onset of cell cycle 14 and 120 cellularization requires zygotic gene expression (35). Although it is clear that 121 cellularization depends on zygotic gene expression, its functional relationship to the 122 emergence of the subapical domain has not been investigated. ELMO, Sponge, Rap1 123 and Canoe are maternally derived proteins, whose total levels are assumed not to 124 change much. Rather, their distribution on the plasma membrane is controlled by post-125 translational mechanisms. 126
We first asked whether the spatial restriction of subapical markers depended on zygotic 127 transcription. We analyzed embryos, in which zygotic transcription was blocked by α- contains a patterned cortex with a subapical region. We conclude that the emergence 168 of the subapical and basal domains does not depend on the nucleocytoplasmic ratio. 169
A third timer associated with the midblastula transition is the remodeling of the fast 170 nuclear cycle to a slow cell cycle, which depends on the onset of zygotic transcription 171 (7). We tested whether subapical Canoe restriction would respond to a precocious 172 zygotic transcription and precocious cell cycle remodeling. We analyzed embryos 173 from RPII215 X161 germline clones, which precociously start zygotic transcription, 174 cellularize already in interphase 13, and further develop with half of the number of 175 nuclei (9). By staining of fixed embryos, we detected a normal pattern of F-actin and 176 subapical restriction of Canoe in embryos cellularizing in interphase 13 ( Figure 3A furrow, the apposition of two plasma membranes in initial furrow formation could be 280 the cause of marker restriction, given the limited morphological resolution of our 281 assays. A hint could come from the "old" cellularization furrows that arise from 282 metaphase furrows, which were still detectable in α-amanitin injected embryos by 283 ELMO-GFP. Even at the positions of the old furrow the spatial restriction is lost. A 284 limitation to this argument is again the limited insight into the cellular morphology 285 and dynamics, as the dynamics of the metaphase furrow in embryos lacking zygotic 286 transcription is not clear. A more defined insight into the timing by zygotic gene 287 expression comes from our investigations of embryos with precocious onset of zygotic 288 gene expression. We could detect Canoe at forming cellularization furrows whenever 289 zygotic gene expression was initiated. 290
The next arising question is which zygotic gene or genes could be responsible for 291 relocalization of the subapical domain proteins with onset of cellularization. Among 292 the described early zygotic genes like slam, nullo, bottleneck and serendipity-α no 293 such phenotypes have been described yet (8, 18, (46) (47) (48) . However, as general 294 morphology was the primary assay for the screen of zygotic genes (49,50), the 295 subapical determinant might have been missed. A molecular screen of aneuploid 296 embryos for mislocalization of subapical domain proteins may allow the identification 297 of these genes, for example. Although bazooka is already maternally expressed, it 298 seems to take over the function as the subapical determinant only later during in 299 cellularization (15, 16) . Although, it is not clear how much the expression levels were 300 reduced in bazookaRNAi embryos, we were not able to detect Bazooka protein by 301 staining. 302 Taken together, we were able to show, that the formation of the newly established 303 subapical domain is a novel feature of the midblastula transition, which depends on 304 the onset of zygotic transcription. We propose the hypothesis, that a yet unknown 305 
315
Materials and Methods
Immunostainings and antibodies 330
Following primary antibodies were employed: mouse anti-Armadillo (1:50; N27A1, 331 Hybridoma Center); rabbit anti-Bazooka (1:1000; A. Wodarz)(25); rabbit anti-Canoe 332 (1:1000; (15)); mouse anti-Dlg (1:100; 4F3, Hybridoma Center); guinea pig anti-333 Sponge (1:1000; (26)). F-actin was stained by Phalloidin coupled to Alexa647 334 (Thermo Fisher). Secondary antibodies were labeled with Alexa 488, 568, 647 335 (Thermo Fisher). GFP tagged proteins was detected with GFP-booster coupled with 336 Atto488 (1:500; Chromotek). DNA was stained by DAPI (0.2 µg/ml; Thermo Fisher). 337
Embryos were fixed by 4% formaldehyde or by heat fixation using standard methods 338 described previously (27) and stored in methanol at -20°C. For F-actin staining with 339 phalloidin and in the α-amanitin experiments, embryos were fixed by 8% 340 formaldehyde and manually released from the vitelline membrane. For staining, 341 embryos were transferred to PBT (Phosphate buffered saline (PBS) + 0.2% Tween20), 342 washed trice for 5 min and afterwards blocked for 30-60 min in PBT+5% bovine 343 serum (BSA). Embryos were incubated with primary antibodies in PBT+0.1% BSA 344 overnight at 4°C or for 2-3 h at room temperature. Afterwards the embryos were 345 washed with PBT trice for 15 min, incubated with secondary antibodies in PBT for 1-346 2 h at room temperature and again washed 3× with PBT for 15 min and stained with 347 DAPI for 10 min at room temperature. The embryos were mounted in Aquapolymount 348 (Thermo Fisher). 349
Injection of α-amanitin for inhibition of RNA polymerase II was conducted with a 350 concentration of 1 mg/ml in water according to standard procedures as described 351 before (28,29). Afterwards, the embryos were staged to reach interphase 14/15 and 352 20 fixed as described above. The vitelline membrane was manually removed prior to the 353 staining procedure. 354
Imaging and Software 355
Imaging was performed with a Zeiss LSM780 confocal microscope equipped with an 356 Airyscan detector unit. Fixed samples were imaged with an LCI Plan Neofluar 357 63×/water NA 1.3 objective. Live imaging was conducted with a Plan Neofluar 63×/oil 358 NA 1.4 objective. Embryos for live imaging were prepared as previously described 359 
